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mm^} mmm 

mm(D^m l i f e p o ^<D^m:^mjkxf07i^mmMn^<Dmi^:^m 

im^^l^ L i F e PO^Sr-^^-rSJCi^b. 

-r s m^m 1 mm<D l i f e p o^(D^m:^^o 

<om^:^mzi5\>^X . ±fBL i F e PO^^r^^fSlCl^L, 

^m.mntr£^>mmi<D^M^m'^vxmm^}i-t^u^jiUii. 
±mm^^jimxm^tit=.±mmmi^t:iMmhxs.fd;-^-&^i]amjc.mt.^mL. 

[^:^3g5] L i F e PO^^r-^fiR-t-SlCl^L/. 

-hiaffii^x® "e;{f:7.A^K^^$4^fc ±iBtfri^fiis ^ mm Lx^m^-^^ mm Jin t 
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S:#^i:-r6L i F e P04©-^^^^So 

S:#Mi:t-SW:^^5|B«©L i F e PO^®^^^^, 
©igit:&^^CfeV^T, ±fBL i Fe PO^^r-^^-rSlCl^b, 

4f m i: f S If 8 IB«® ^}!K««¥H«M® SiJi^S. 
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[0 0 0 1] 

L i F e P 04®-^^^^^tJ^^<Z) L i F e P O^^JEmm^Mil b 
[0 0 0 2] 

[0 0 03] 
[0 0 0 4] 

m^, Mv^^M.n&xA Y<o^m^m-t^iEmfs^m.t:vxh i coOg*^ 

[0 0 0 5] 
[0 0 0 6] 

^X4.vmil^^O> L i C o 02^l^^©ll^V^«f3l$:;frSo S^lC. LiMng 
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[0 0 0 7] 
[0 0 0 8] 
[0 0 0 9] 

F e ^K-y^izvr^iEmumt lt, i c o Og^L i N i o^tm^. 

[0 0 10] 

zitiicML, L i Fe p o^^v A4ytynM(DJEm\zm^^^:iti^> # 

^5p9 - 1 7 1 8 2 7■t^^^CfeV^Tfi^S4^TV^€). L i F e P O^tt, {^m 
# ^S*^3. 6 g/cm^i::^^<, 3. 4 V(D]««fiS:^^L, SI&Mt)l 7 
OmAh/gi::^^V>o LiFePO^tt. ^Dlg^KBl?, ^^^fc^fi^JC 

ffliK--:^nrigJS;L i ^, F eM^lM^fey^cl0-^^T'V^^©T^ U5^'i7A>r 

i F e P 04M«>5;:&^T''^^-t-2> Zl i: 
[0 0 11] 

C *^ ±IB® W SnTV^^a:e»^C. LlFePO^S: lEmf^^K t 
VXM^^Xm^^nt=.M^(Dmt&Xit. e 0mAh/g~7 OmAh/gggg® 
II^Mb3&^#^>tl'T V^^iV^o Journal of the Electrochemical Society 

,144,1188 (1997) ^CfcV^T 1 2 0 mA h/ gSi!®||^a*'J#^3tlT V>S*^ 
, 7 0mAh/gl?$>-5c:i:S:#^-5i:, +^9-^^*1:^ t T V^S 
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[0 0 12] 

Mxlf, L i F e PO^i: L iMngO^ilSrifc^b:^^-^, LiMn204tt, 
^mn&i^S. gve^y, 1 2 OmAh/g®^iS:^b, S e> lC-ft:«^S*^ 
4. 2 g/cm^T?^^A^e>, LiFePO^li, L i M ngO^i: Jt^ L/T«ffi> 
#:«^Si:t)^Cl#J^M/J^$V^r i:{C«;^„ I^D l 2 O mAh/g® 

S^, LiFePO^tt, L i M ngO^J; U %MS3i:^>n/^- 

[0 0 13] 

t^e^T, L i F e PO^-eL i M ngO^i: U^;i/fe€> V^^i-etlJ6^±®3::^i 

L i F e PO^-ez.® J:e»^:l^^*^izm^•T?l|3^$t\.T^^^V^o 
[0 0 14] 

LiFePO^tt, t^e^f^, -&^M^Sffc;&SF e^.^bTgf^^F e (C 

H3COO) 2 2'(ifli®^®ia$:Mv>, 3§5t;SJ^TlcT8 0 OTCiiVA-^itgi 

[0 0 15] 

fb^tlTF e^'^i:;&oTb*e>o ^(3D^«?), L i F e P O^ifilC 3 ffi® 

^5^^fc-&^g^}^)^M^eEb'^■rv^:fe^^), #ffi©L i F e P 04$:#Szii:*^ffilll'r*<5>o 

[0 0 16] 

F e po^&m^atSifeMi: bTfflv^fe#^;^c«^^?^tts?f&®iS5t:&^$:^i#^•rsri: 

[0 0 1 7] 

:^^m(DL IF ePO^<0^m:^mt. L i F e PO^^r-a-fi^i-'&lClglb, -^"^ 

5 aj|iE# 2000-301381E 
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[0 0 18] 

-ffc^ti-S z: i: $:R&^, ^i^tl®MVN*ffi© L i F e P O^A^^ej^iS. 
[0 0 19] 

[0 0 2 0] 

±mLr:L^z)fji^nmiz^^i^yi<^mmnnmomi^:&^xit. l i f e PO4 

1 F e P04*^#e>tl<S„ ^LT, ZOLiFePO^tt. IS^^^WT© U ^'^7-^0 
[0 0 2 1] 

2|c|g^®L i F e P04(Z)-^^*^Stt, L i F e P O^Sr-^^fSlCl^ t 

. ^Mntfji^mm(DmM^M^Lxmmi^t't^m^jimt. ±mm'^xm 
i^y^ii'ij^^^nrc±mmmi^^mmhxRm-^^^ijamxmt^m-t^^ii^!i^ 

[0 0 2 2] 
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[0 0 2 3] 

K-:/orig5&L i F e po ^^lEmt^^Mnhx^-t^iEmii. ±mjEmt.M\oi 

[0 0 2 4] 

±3^bfeJ:e>3&*5S9!JC'^S#7K«fi?Mm?fi®^jt*^ST'tt, L i Fe PO4 

sr-^^-r-sici^L/. ±mssin>jimxmmi^^iz^t.t\.^:^:^^^^\^x\i^^(DX' 

3fa(DL i F e P04*^#e>tl-6„ ^bT, r 0) L i F e P O^li, iK^I^'e^U^^ 
[0 0 2 5] 

[^^©liig®?^®] 

[0 0 2 6] 

e 

[0 0 2 7] 
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[0 0 2 8] 
[0 0 2 9] 

So 

[0 0 3 0] 
[0 0 3 1] 

[0 0 3 2] 

So 

[0 0 3 3] 
[0 0 3 4] 

mmwLnm<D'tA\/-^t.Lxmnm\'^^tix\<^^^^(Dum^m^^^:r.t.i)^x 

8 ajaE4# 2000-301381 5 
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[0 0 3 5] 

[0 0 3 6] 
[0 0 3 7] 

1, 2 1, 2 - h ^^S/ac^? 2 -:^^>n/-5^ 
[0 0 3 8] 

*3t, ^tK^^I-^S?^^^^*^?®^ bTtt, L i P Fg. L i C 1 

O4, LiAsFg. LiBF^, LiCFgSOg. L i N (C F3S Og) 'J 
5^':7AiS5:deM-r'&wi:7{)^"T?^So z:tie>® U^'i^Ai^^tfiT't;, L i P Fg, 
L i B F^Sr^ffi-r-SZiaijbW* Lv^o 
[0 0 3 9] 
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[0 0 4 0] 
[0 0 4 1] 

Xm^\tmW (Fe) i:, i/o.'^^^ (FeC204) U ^^tK^T^^-^^ 

A (NH4H2PO4) ^mv^^j^ (LigCOg) iiSTm^Jt-em-^LT-^ 

SZlilJCj;*; L i F e PO^jb^-^m^tiS. 
[0 0 4 2] 

Z(Dt^. ^^mmi^^K^%i)m^bX\>^^t. L i F e P O^O-^fig^tC 

© L i F e P O^cplcMA L/T L/ * ^ . 
[0 0 4 3] 

z:z:T% ±iB^fi^iul^flitfi{C-^*$tl"5±IB^I&«, L i F e po^Sr-^^-r 
SI^IC, -^^Itfl^^l^^^F e2'^®^>fb$:l5&itf 5M5iMi:*:So -&^tal^^tfi{c 

#:tfi{c-g-**l€.$^if'®^*lCi:oT^'fbS*iTF e^'^il^ioTt), 5i7cSlItCJ: 
oTFe^'^ib^F e^'^fCMTcStl-So ^0^^> 3 ffi0|^^fc-^%*^^fiK%® L i F 
e PO^ifJtcMA-lir-f. #ffi® L i F e P 04$:#S 3 i:*^T'$S. 
[0 0 4 4] 

MtcMStL i F e P O^CD^mmn^-^t-t^ZtX. ^^MtcM^^L i F e 
PO^^m^Ztt^X^^o M7C^S:L i F e PO^^-^J^MJ^®— aUilf 

ePOj^<D^m^^m^<nz>zti)^x^^, 

[0 0 4 5] 

^UT, iiTcM^v^iiL i Fe p o^<D^^mm<D-mtLxmn^m^^s>m 

1 0 ffiiE# 2000-3013815 
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PI % 

^^(Dmit^-i'^i^^±-t^^ili)^r'^tji\fK md (Fe) it. i/zL^mWi 

(FeCgO^) tfCDF e2'^lCit'<T^;Stt*^{SV^Jt«), i^l^©^in4*^3 OM* 
%J: »J%#V^i:, L i F e P O40D^^jSfS:*^+:^)-lCitff b^&V^„ 
[0 0 4 6] 

t^^oT. m^oyW^lMm.^. ^MifSftf^CDF elCMbX iMiro—S 0M*%<Z)^ 

L i F e P04$:#SZ:i:*^t?$S„ 
[0 0 4 7] 

Z1(Z)L i F e PO^OD-^^ja^tt, SSOTCJgi^Jl. 7 9 0 "CjeilT^IgH 
[0 0 4 8] 

L i F e PO^ttM^iis 0 OTC v^e) Jtice5lfi^^ia-e-^^StiTv>:t. 

[0 0 4 9] 

tfi-e^nUR, -^^$:^T^zii:{c^oT, M^«3 o 01Ci:v^e). tJ&5f^© 8 o 0 r IC 

Jt^TliSAHC'®v%?a^l?=bL i F e PO^^r-^^-tSCltA^nriiil^ofeo 
[0 0 5 0] 

^LT, M;^ii3 0 01Ci:v^^iti{^©<Bv^MS■e=foL i F e vo^^^^-r^ 

po4^-^^-rsz:i:**prigii3&»j, ^^um(Dmm(Dmi^m^^r=^. ^zi-e, 

>t:^re#tt, L i F e P04®-^^MSil^»^®K^JC«B ^9F^bV^-^^ 
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[0 0 5 1] 

■e®^^, L i F e POj^0^^Um\tS 5 Ot:jg^±, 7 9 OTCJ^tT^^H® 

^aSiif tv^z:i:*^t>*^o:fe:c L i F e p o^w-^sfeiSSjb^s 5 o 

ri:y=biBv>i:, -fb^HfSti^^^bjb^+^McjiS-r, i F e P04S:# 

SZl^:*^■e^i&V^, L i F e P04®-^^?ag*W 9 OX:j: »j=felgV>i:. 

7 9 0'CetT®4SH'tL i F e PO^Sr-^^-TSZlilT', ^—fjtL i F e PO^S: 
[0 0 5 2] 

S^{C, J:^;j8^*LV^L i Fe P04®-^^iaStt> 4 5 0X:B±. 7 0 0r 
J^TClSffl-efeSo 4 5 01CJ«±, 7 0 O'COT^^ffl'eL i Fe P04$:-^^ 
-fSZlhT', L i F e P O^St&^fiT'feS 1 7 0 m A h/ g ^C^tSltV^^^* 

[0 0 5 3] 

[0 0 5 4] 
[0 0 5 5] 

Mzuvxit. t-f. ^mfs^^ti^mmt^mmmz^m-^-^x:^'yv- 

1 2 2000-3013815 
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[0 0 5 6] 

-hlBJES-^^Rl (Z) ^ Jn^^ 5: ^ Jn -r S 3 i: ^ s „ 

[0 0 5 7] 
[0 0 5 8] 

;gi^3^tJfiEM^5rtlc#7Km»?«[5:aAb, mf^iS:^^^y h l ^iftVXMmfB 

[0 0 5 9] 

Ji3^ b J: ^ 3&^;!K«^S?«t«M 1 ® S§it^^-e tt, jES?S#J© t S L i F e 
PO^ilbT, ^MigjA^MA-tir-r, #ffl©L i F e P04*^#^4x<5„ ^LT. Zl 

#14 tc =b =b ® * -5 o 

[0 0 6 0] 

*7t, #7K««l?S«?ai ®iEM?S%Si:i&SL i F e PO^^:, o^lCm'T:©' 
aiCj;y-^^"r-&Zl^t)T?^So JSi^T. L i F e P04®^©'^^:&^fe^CoV^T 

[0 0 6 1] 

L i F e PO^^r-^^-rSlCti, -^^MJlSfi: LTM;lligf^l^ ( F e ( 

CH3C00) 2) nvymyKmrz/'^-^J^ (NH^HgPo^) nmstv^^^^ 

1 3 ffilEi^ 2000-3013815 
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[0 0 6 2] 
[0 0 6 3] 
[0 0 64] 

i&<DB^%^m<Dmthxitmx\i. m^.i^2 s oicjwT©^^s:±iH 

[0 0 6 5] 

5lft1-SZli:lCj:»J L i F e P O^i^-^m^tl^o 
[0 0 6 6] 

z:©i;^, ■^^|rf]!iftj4»ic^^*^^#bTV^'5i:> l i f e p o^^-^^^ic 

L i Fe FO^ifJtcMALTL^-^o 
[0 0 6 7] 

Bt^l5^tf®Fe2'^©^^fc?:Ri&<^z:i:d^T'#-5. ^©^1^, 3 moWiit^mfJ^^^ 
#J©L i F e P044'lCMAii:-r, #fflOL i F e P O^^m^ Ztii^X'^^. 
[0 0 6 8] 

z:©L i Fe P04©-^^MSli, 3 5 0X;JS^±, 7 9 0"CjetT©ffiH 
[0 0 6 9] 

L i F e PO^ltMAlf 8 0 0 1: i: e> Jtife^Ji^MT'-^fig^S tlT V^fe. 

1 4 ffiliE4t 2000-3013815 
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[0 0 7 0] 

^-viam. -g-^^ff -grille J: oT, M^«3 0 o'c^v>e), ^^<d8 o ox:iz 

[0 0 7 1] 

^LT, MAliS 0 0'CfcVNe)it^65(BV>mS-e%L i F e po^sr^^-rs 

[0 0 7 2 ] 

L i F e P 0^<D^m.Umt 3 5 0 t^JgilJi, 7 9 0 *CjeiTCO^H® 
f -5 3 i: *W * UV\r i:*^*)*>ofco L i F e P O^CD-^^MI^Tb^S 5 o 
■C J: v^il, -fb^Hffrhi^^fbA^+^^lCst^-r, :^-35:L i F e PO^S:^ 

-5 3i:*^^?^3&v^o L i F e P04©-a^^Mf£A^7 9 or;J;»;t^l^v^i:. 
j^^^^;*^3g3^^!I^cii^TLTL*v^, Li F e P o ^m'PPi'V a> V ^ ^ J^<DmWLi)'^± 

7 9 OiCje^T^^a'CL i F e P O^^-^^i" S Zl il^e. i^—tjtlu i F e PO^^ 

tJ&5l5<Z)#:?K«»?M«?a® 1 2 0 m A h/ g SrJillISlg^iS:^ 

[0 0 7 3] 

$?){C, J: *Jif ^ L/V%L i F e P04©-&^?aiStt> 4 5 0r;je^Ji, 7 0 or 
£;T©«gH-e$)S. 4 5 0X:JB^_b, 7 0 onjEATO^gHTL i F e PO^^:-^^ 
•rsr hT, L i F e PO^Si&^a-e^)^ l 7 O mAh/g^CM§li^V^||^4 
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[0 0 7 4] 
[0 0 7 5] 

L fc <k e> 35;#N7KmiiM«ft!J l ® fSi^*^T' iE^fgi^H i: S L i F e 
(DL i Fe P04S:iE@?S^^Si:b■rMv^T#ig34^fe#>!K1ij!i¥?Km^t!!l^i, U 

[0 0 7 6] 

, m^Rf^&.f^<^M^oit^^mm^mm-ts>:r.tf)^X'^^o 

[0 0 7 7] 

^fe, L i F ePO^CDm^TimthXitL i F e P O^SrS^M^i: LT V^tl 
«J:<, JijiLfc j:e»'5:3 5 01ceA±, 7 9 0 iCJ&lT®MSI5H'^iRJi5i:ifS^'ffc 
*^itfft"SlSy, LiFePO^lCLi, Fe, P, OJet^(Z)7C**^^iDS>S V^ 

[0 0 7 8] 

St, L i Fe PO^cp-^^MMiiUTti, ±3^Lfe^b-^M^lC%, TK^-fb 
U^-i^A, li^Uf-'^^A, B^^';^^7A, U>gSU5"'^7A, u>^ll-l?^, Hfi: 

[0 0 7 9] 
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[0 0 8 0] 
[0 0 8 1] 

:^nm(D^^^m^^^<. L i F e PO^^r-^^b, #ejtlfc L i F e P 
[0 0 8 2] 

Mil vx^n^^Mi^t=im'^<Dmmz^\yxm^:^. 

[0 0 8 3] 

<mmm i > 

^•r, L i F e PO^&^^Lfcc 
[0 0 8 4] 

L i F e PO^^r-a-^-r-SlCtt, *-r> ^^^-t^-T X®:*c^ V^M^S^<Z) U 
^^C^T^^-^^A (NH4H2PO4) $:^«?)+:$>lCt&#bfeo r^tC. (Fe 
) i:. i/a.'i7^|5l^-;!K?tI^ (FeCgO^- ZHgO) U^^-tK^T^^ — 

(NH4H2PO4) i:. mMV^^J^ (LigCOg) i:?:, ^;i/ifc*^o. 4 

: 1. 6:2:1 IZiSt^ ^ t> iC%^X 3 O^mU^hX. M/Slal^ffri: bfe, 
[0 0 8 5] 

illCcfc y L i F e POj^^^^i^r^o 
[0 0 8 6] 
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[0 0 8 7] 

0# 1 3 0 0 SrM^r^fe. 
[0 0 8 8] 

;i/rf>#ffl^T, 1 0 ox:x imm^miyXjEmfs^WMi:m^hr:Lo 

[0 0 8 9] 

lZ\t. 6 Omg®?S^fejR*^Sj*StlT^^S. 
[0 0 9 0] 

[0 0 9 1] 

, L i PFgS: Imo 1 / 1 0^iST*^fi?$-&S Zl i: U: J: »;#;?fc«i!i??SS:^Sg t 



[0 0 9 2] 

b, lEmf6tM^t^tf'Li^xmi^-r^:itHZj;:iJ. 2 0 2 5m(Dzi>(ym^ 

[0 0 9 3] 

<II«6M 2 > 

(Fe (CH3COO) 2) i:> VymiZylimry^::-^!^ (NH^HgPO^) t 

, ^^U^^^A (L 12^03) t.^. ^;i/jt*^0. 2:1. 8:2:1 {CJ&iSJ: 
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[0 0 9 4] 

<)AM.m 1 > 

O) i:, y ^^ziyic^r^^-^^A (NH4H2PO4) mWiV^^J^ (Lig 

CO3) ^;i/it*^2 : 2 : 1 tC^iS J: ^ tCM-a-L/fc^ iUSt^tt, HJgM 1 

ilim^lCL/TL i F e PO^^r-^figU, #e>ti:fe L i F e P O^SriE^fSi^Mi: b 

[0 0 9 5] 
[0 0 9 6] 

mmmn : U5f/^RiNT25oo 

Xi^tCuKa, 40kV. lOOmA 

A-S^ai> h>^y h (D S) =1° 
lyt/-}:f>^y^V y h iRS) =1' 

y -St V y^7.V h is S) = 0 , 15 mm 

^Slgffl : 26 = 10° —SO" 
X^^>::^tf- K : 4° 

HlfeMl T'-^^3ti:feL i F e PO4(D*&mx^llI#fA^->S:0 2Ca^t-o 
02:6^^>. ^^ifeftl'lCL i F e PO^JgA^CD^Mife^^^EttSlfgStl"^, 
L i F e P04*'5#e>tlTV>&r i:*^t);()^So 

1 9 ffii3E# 2000-3013815 
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[0 0 9 7] 

ttc. 3 2 ot:*^e> 8 5 o'c®|gHW"C0vKo*^©©SJ^<>r :y McfcvNTM 

8 5 OX:®«gfflT"&^$tlfcL i F e PO^li, V^•f tl%^?^ffi^*>#^E-fr1*. # 
fflOL i F e P04*^^e)tlfcr i:*^?ft^$nfcc 
[0 0 9 8] 

mWKh i F e PO^fiil^l'CD^M^^^^Ettflt^^tlT, -**&®L i F e PO^ 
[00 9 9] 

Jti^Ml T'-^^$ti:feL i Fe PO4®|&7^X«||Hl^7'?^f-:/$:03tC 
at-to 0 3 *^ e>, ^^^'f'tC L i F e P 04Jeil^ffi^j^«fe*^#^E L i 

FeP04)&'5^e>tlT^^5&V^r^3&^t)*^So 03lCfeV>-rii, 

[0 10 0] 

o 

# [0 10 1] 

-ei/T, mSS5;()^0. 0 1 mA/ c m^JSJtTtC^iofc^j^-e?^*?: 

S:^7$-&fco ?cm> Si:«i:t)(csa (2 3tc) x^frvv ^(Dt^(Dmm 

?gSS0. 1 2mA/cm2i:L/fc. 
[0 10 2] 

|lifeMl®«^l!I^co^^T©3^B:»:«#^^S:S4^cat•r= @4J:»J, mMmi<Dm 

m\t> 3. 4 V#5aiC^S:^;«&$:^LTfcy, 31|&^4T'«)S 1 7 0 mA h/ 
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[0103] 
[0 10 4] 

[0105] 

[0106] 

t.-r. L i F e PO^Sr-^^L/feo 
[0 10 7] 

L i F e PO^^r-^^-rsiCtt. ^-f. jg^^-b->r X®:^^VxM3i8f® U 

7Kmr>^— 'i'A (NH4H2PO4) &^«)-h^lcta#L:fec rjJclc, (F 

e (CH3C00) 2) y 7K^T>^-t7A (NH4H2PO4) m 

[0 10 8] 
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[0 10 9] 
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